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Abstract: The study was carried out on 21 white Wistar adult female rats (exposed to 200, 400 and 1000 ppb Al) 
mated with white Wistar males (ratio 2 female/1 male) exposed to same aluminium levels to obtain F1 
generation. There were evaluated in F1 (exposed in utero)number and sex of pups, sex ratio, markers of physical 
development in the context of data on sexual maturation (age and body weight at vaginal opening). The study 
pointed out significant decrease of litter size comparative to control group and inversely correlated to exposure 
level; modification of sex ration, increase of female pups number/one male pups comparative to C group, not 
evidently influenced by exposure level; significant delay of vaginal opening comparative to control group but not 
correlated to exposure level; decrease of body weight at vaginal opening comparative to control group, not 
correlated to exposure level. 
 
INTRODUCTION 
 
Aluminium is one of the most spread element in Earth crust, 8% from the total of minerals, 
the third after oxygen and silica. 
The studies about aluminium reproductive toxicity are generally poor or concerning some 
markers of reproductive system integrity and performances absent/controversially [1 ,2, 3]. 
The aim of the study was to evaluate some markers of reproductive system 
performances (litter size), of physical development in the context of data on sexual maturation 
(age and body weight of vaginal opening) and sex ratio. 
 
MATERIAL AND METHODS 
 
 The study was carried out on 21 white Wistar adult female rats divided in six groups, 
three experimental (E) and three controls (C1; C2; C3) in evaluation of litter size and sex ratio, 
C values represent a mean value of the three C groups. The E groups were exposed to 
aluminium sulphate by drinking water three month before mating and during  pregnancy as 
follows: E1: 200 ppb Al (exceptional admitted level according to Romania Law 485/2002); 
E2: 400 and E3: 1000 ppb Al (concentrations found in drinking water from wells for human 
and animals use in areas exposed to aluminium industrial contamination risk). The females 
were mated with male rats (1 male: 2 females) exposed three month before mating to the same 
three aluminium levels. 
 The evaluated biomarkers were: number and sex of pups, physical development in the 
context of data on sexual maturation (age and body weight at vaginal opening). 
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RESULTS AND DISSCUTIONS 
 
 Results regarding pups number are summarized in table 1 and fig.1. 
 Exposure to aluminium sulphate determined a significantly (p<0.01) lower litter size 
comparative to C group (E1/C:-32.31%; E2/C: -46.16%; E3/C:-50.78%). Between litter size 
and exposure level indirectly correlation was established (E2/E1: -20.46%; E3/E2: -8.57%; 
E3/E1: -27.28%), the differences being significant (p<0.01), excepting when exposure level 
increased from 400 to 1000 ppb Al (E3/E2, p>0.05). 
 
Table 1. 
Mean value of pups number from F1 generation 
 
Pups number/group  
Group X±Sx S.D Confidence level 95% 
C 10.83±0.31 0.75 0.48 
E1 7.40±0.21 0.52 0.48 
E2 5.81±0.17 0.41 0.48 
E3 5.40±0.21 0.52 0.48 
 
 
0
2
4
6
8
10
12
numar
pui/lot
M
E1
E2
E3
 
 
Fig.1. Dynamics of pups number in F1 generation 
 
 The causes, of lower litter size could be: low sperm parameters, consequence of male 
(parental generation F0) exposure to aluminium sulphate [2, 4, 6, 7], decrease of conception 
rate in females mated with males exposed to aluminium [Petit et al., 1992, quoted by ***10], 
or to embryos resorbtion, that is significantly increased in females inseminated by males 
exposed to aluminium [6]. 
 The aluminium influence on pregnancy is not unanimously accepted. There are 
authors which sustain that fetale or embrionary death rate or litter size is not influenced by 
aluminium [Mc Chormak et al., 1979 and Patermain et al.1988, quoted by *** 9]. Significant 
decrease of litter size, inversely correlated to exposure level was emphasized by Trif too [8]. 
 Sex ratio consecutive exposure to aluminium sulphate is presented in table 2. 
 
 
 
 
 
 
 
 295 
Table 2 
Sex ratio in F1 generation 
 
Group Sex Number % Sex ratio 
♀ 28 43% 
♂ 37 57% C
 
Total/group 65 100 
1♂/0.75♀ 
♀ 20 54.05% 
♂ 17 49.95% E1
 
Total/group 37 100 
1♂/1.17♀ 
♀ 15 51.72% 
♂ 14 48.28% E2
 
Total/group 29 100 
1♂/1.07♀ 
♀ 15 55.55% 
♂ 12 44,45% E3
 
Total/group 27 100 
1♂/1.25♀ 
 
After exposure to aluminium sulphate, increase of female pups and decrease of male 
pups comparative to C group (C: 43%/57%; E1: 54.05%/49,95%; E2:51.72%/48.28%; E3: 
55.55%/44.45%) was recorded. 
Increase of exposure level determined progressively, limited, inconstanly (E2/E1: -
4.31%) increase of female pups (E3/E2: +7.40%; E3/E1: +2.77%). 
Sex ratio was modified in groups exposed to aluminium comparative to C group 
(female number/1 male) (E1/C: +56%; E2/C: +42.66%; E3/C: +66.66%). 
Exposure level modified less sex ratio, the difference between the maxim and minim 
exposure level (E3/E1) being +6.83% in the favor of females. 
The consequences of exposure to aluminium sulphate on vaginal opening in F1 
generation are presented in table 3 and fig. 2 (mean body weight at vaginal opening), table 4, 
fig 3 (age at vaginal opening). 
Tabel 3. 
Mean values of body weight at vaginal opening in F1 generation females 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Dynamics of body weight at vaginal opening in F1 generation females 
 
Group X±Sx S. D. Condidence level 95% 
C 107.50±5.88 14.40 12.28 
C1 110.00±6.21 15.22 12.28 
C2 110.50±6.05 14.82 12.28 
E1 98.00±7.5 19.24 12.28 
E2 94.17±3.96 9.70 12.28 
E3 95.00±5.47 13.40 12.28 
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In C group, the age at vaginal opening ranged in physiological limits, between 32-42 
days, at a body weight over 100g (normal weight- 5), respectively 107.5 – 110.5 g. 
 
Table 4. 
Mean values of age at vaginal opening in F1 generation females 
 
Group X±Sx S.D. Confidence level 95% 
C1 41.83±1.14 2.79 3.07 
C2 41.84±1.97 4.83 3.07 
C3 39.83±1.90 4.67 3.07 
E1 48.00±1.21 3.03 3.07 
E2 48.17±0.87 2.14 3.07 
E3 47.82±1.58 3.87 3.07 
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Fig.3. Dynamics of age at vaginal opening in F1 generation females 
 
In E groups, the age at vaginal opening was significantly (p<0.01) delayed at around 
48 days (E1/C1:+14.75%; E2/C2: +15.15%; E3/C3:+20.18%) and at a body weight under 100 g 
and under the body weight of individuals from C group (E1/C1: -8.83%; E2/C2: -14.39%; 
E3/C3: -14.02%). Exposure level did not influence age and body weight at vaginal opening. 
The observations concerning body weight, even there not statistically assured, there 
are in agreement with Maeda [5], which emphasized importance of the correlation between 
body weight and vaginal opening and sustained that the age at vaginal opening and of the first 
proestrus, are more dependent to body weight than to age. 
Agarwal et al [1] observed delay of vaginal opening in F1 generation females exposed 
to aluminium in utero. 
 
CONCLUSIONS 
 
Exposure of parental generation to aluminium sulphate for three monts before mating 
and in utero of F1 generation determined: 
 significant decrease of litter size comparative to control group and inversely correlated 
to exposure level; 
 modification of sex ration, increase of female pups number/one male pup comparative 
to C group, not evidently influenced by exposure level; 
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 significant delay of vaginal opening comparative to control group but not correlated to 
exposure level; 
 decrease of body weight at vaginal opening comparative to control group, not 
correlated to exposure level. 
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